Introduction {#sec1_1}
============

In Alzheimer\'s disease (AD), besides disturbance of cognitive function, behavioral and psychological symptoms of dementia (BPSD) such as delusions, hallucinations, depression/dysphoria, anxiety, agitation/aggression, elation/euphoria, disinhibition, irritability/lability, apathy/indifference, and aberrant motor activity are common, affecting approximately 90% of patients at some stage of the disease \[[@B1],[@B2]\]. Patients with mild AD have psychiatric symptoms (delusions, hallucinations) and emotional symptoms (agitation, dysphoria, anxiety, irritability) as frequently as those with moderate or severe AD \[[@B3]\], and BPSD do not necessarily correlate with the severity of cognitive changes \[[@B4],[@B5]\]. Moreover, BPSD are a major cause of increased caregiver stress and burden \[[@B6]\] and are associated with the decision to institutionalize AD patients \[[@B7]\]. Early and adequate treatment can ameliorate BPSD and improve the quality of life, easing the burden for both the patients with dementia and their caregivers.

Galantamine was launched in Japan in March 2011, about 10 years later than donepezil, and is now established as one of the standard therapies for mild to moderate AD. Galantamine has allosteric modulating activity at the nicotinic acetylcholine receptors (nAChRs) in addition to acting as an acetylcholinesterase inhibitor (AChEI) \[[@B8]\], and shows improvement of behavioral and neuropsychiatric symptoms \[[@B9]\]. In this study, the efficacy of galantamine on the symptoms of cognition and BPSD was evaluated by an uninterrupted switch from donepezil to galantamine with no washout period or dose titration in amnestic mild cognitive impairment (MCI) and AD patients, whose BPSD were unresponsive to donepezil, or whose caregivers were not satisfied with donepezil treatment.

Materials and Methods {#sec1_2}
=====================

Patients {#sec2_1}
--------

The enrolled subjects were ambulatory outpatients who had MCI or mild to moderate probable AD according to the criteria of the National Institute of Neurological and Communicative Disorders and the Alzheimer\'s Disease and Related Disorders Association (NINCDS-ADRDA) \[[@B10],[@B11]\]. The age range of the patients was 62-95 years (n = 46, mean 83.3 years) and 58.7% (n = 27) of the patients were female. Patients had been taking donepezil for ≥33 months (994 ± 711.7 days) on average and had a Mini-Mental State Examination (MMSE) score of \>10. They showed firm radiological evidence of AD on MRI with a prominent atrophy of the hippocampi and a corresponding enlargement of the inferior horns of the lateral ventricles; on SPECT, they showed a reduction of blood flow in the parietal and temporal regions. Under the category of amnestic MCI patients, we included those who had an MMSE score of ≥24 and a reduction of blood flow in the precuneus and posterior cingulate gyrus by SPECT (3D-SSP or eZIS) or PET, accompanied by hippocampal atrophy. Exclusion criteria for the present study were as follows: evidence of neurodegenerative diseases other than AD that may cause or contribute to dementia such as frontotemporal dementia and dementia with Lewy bodies; cognitive impairment resulting from cerebrovascular dementia; metabolic disturbance such as hepatic, renal, pulmonary and endocrine disturbances; vitamin deficiency; epilepsy, and psychiatric disease. Patients were eligible only if they had a history of cognitive decline that was gradual in onset and progressive over a period of \>7 months, and were living with responsible caregivers. Written informed consent to the clinical investigation was obtained from the patients or their caregivers. Ultimately, a sample of 46 Japanese outpatients meeting NINCDS-ADRDA criteria for MCI and probable AD were selected as pertinent subjects in the routine clinical setting.

Safety assessments throughout the study were comprised of physical examinations, vital signs, standard laboratory tests as needed, and monitoring for adverse gastrointestinal symptoms such as nausea, vomiting and diarrhea.

Design {#sec2_2}
------

An uninterrupted switch from donepezil to galantamine with no washout period or dose titration was performed in MCI and AD patients who had gained little or no benefit from donepezil, or whose caregivers were not satisfied with donepezil treatment. Treatment with donepezil 5 mg/day, 8 mg/day, or 10 mg/day was switched to the equivalent galantamine dosages of 16 mg/day, 20 mg/day, or 24 mg/day, respectively. Concurrent use of other AChEIs and additional anti-dementia drugs was not permitted. Changes of antidepressants or psychotropic medications such as anxiolytics, hypnotics, and neuroleptics within 6 months before the switch, and addition of such drugs were not permitted. MMSE scores and the Japanese version of the Neuropsychiatric Inventory (NPI) including the Caregiver Distress Scale and the Neuropsychiatric Inventory Brief Questionnaire Form (NPI-Q) \[[@B12]\] were evaluated at the time just before and 3 months after the switch from donepezil to galantamine. The NPI is an instrument to assess the frequency and severity of symptoms, and the caregiver distress in 10 behavioral domains (delusions, hallucinations, depression/dysphoria, anxiety, agitation/aggression, elation/euphoria, disinhibition, irritability/lability, apathy/indifference, and aberrant motor activity) of BPSD occurring in patients with dementia \[[@B13]\]. The NPI is given as an interview questionnaire, and neuropsychiatric manifestations within each domain are rated by the caregiver in terms of both frequency (1-4) and severity (1-3), yielding a composite symptom domain score (frequency × severity). Caregiver distress is rated for each positive neuropsychiatric symptom domain by scores from 0 (no distress) to 5 (extreme distress). The NPI has demonstrated stage-specific trends in neuropsychiatric symptoms in AD patients \[[@B4]\]. The NPI-Q provides a brief, reliable, informant-based assessment of neuropsychiatric symptoms and associated caregiver distress that may be suitable for use in routine clinical practice \[[@B14]\]. It is given as a self-administered questionnaire, as opposed to an interview. Written instructions for completing the questionnaire form are included for symptom severity and caregiver distress ratings. The NPI-Q scores in 10 behavioral domains are each rated in terms of the severity of the disease as 0 (absent); 1 (mild); 2 (moderate), and 3 (severe). The total NPI-Q severity score represents the sum of individual symptom scores and ranges from 0 to 30. The NPI-Q caregiver distress scores are rated from 0 (no distress) to 5 (very severe). The total NPI-Q distress score represents the sum of individual symptom scores and ranges from 0 to 50. The Japanese version of the NPI and NPI-Q is sufficiently valid and as reliable as the original version \[[@B12]\].

Statistical Analysis {#sec2_3}
--------------------

MMSE, NPI and NPI-Q scores just before the switch from donepezil to galantamine and 3 months later were compared using the Wilcoxon signed-rank test. The level of significance for all comparisons (type I error) was set at p \< 0.05. Moreover, NPI and NPI-Q scores were evaluated in subgroups of patients categorized according to AD severity: MCI (MMSE score ≥24), mild AD (MMSE score 20-23) and moderate AD (MMSE score 10-19) using the Wilcoxon signed-rank test.

Results {#sec1_3}
=======

A total of 44 out of 46 patients (95.7%) completed the evaluation at 3 months. Two patients discontinued participation, due in one case to overexcitement and in the other to severe anorexia as a result of dehydration from excessive summer heat, both of which were not associated with side effects. The clinical and medication profiles of the 44 enrolled patients prior to the switch from donepezil to galantamine are shown in table [1](#T1){ref-type="table"}. The mean age was 83.2 years (n = 44), and 56.8% (n = 25) of the patients were female. The mean duration of galantamine treatment was 95.3 days. Among the 44 patients, 32 patients took galantamine doses of 16 mg/day, 7 patients 20 mg/day, and 5 patients 24 mg/day. As for 5 patients to whom memantine had been administered in addition to donepezil for more than 6 months before the switch, the same dose of memantine was maintained after the switch to galantamine. Other concomitant classes of medication were antihypertensive agents (16 patients, 36.4%), antithrombotic agents (10 patients, 22.7%), hypolipidemic agents (8 patients, 18.2%), antidiabetics (6 patients, 13.6%), memantine (5 patients, 11.4%), an anticoagulant (1 patient, 2.3%) and quetiapine (1 patient, 2.3%). The uninterrupted switch from donepezil to galantamine was well tolerated in all patients and was not associated with cholinergic side effects.

In the AD group (n = 32, MMSE score 10-23), the mean MMSE score showed no significant benefit from the switch (17.1 ± 3.42 to 17.6 ± 3.57, p = 0.265), while the mean NPI score exhibited statistically significant improvement at 3 months after the switch (18.1 ± 13.77 to 14.7 ± 11.0, p = 0.027) compared with that just before the switch (fig. [1](#F1){ref-type="fig"}). In the MCI group (n = 12, MMSE score ≥24), there was no significant beneficial effect either on MMSE (27.4 ± 2.02 to 27.1 ± 2.93, p = 0.394) or NPI (11.2 ± 12.1 to 10.8 ± 12.81, p = 0.648) scores. Moreover, when separating patients into two groups, i.e., the mild group with MCI + mild AD (n = 20, MMSE score ≥20) and the moderate group with moderately advanced AD (n = 24, MMSE score 10-19), the significant beneficial effect of galantamine on the NPI score in the moderate group (MMSE score 10-19) 3 months after the switch (16.3 ± 16.93 to 13.1 ± 13.31, p = 0.007) contrasted remarkably with the insignificant benefit in the mild group (MMSE score ≥20; 16.1 ± 16.93 to 14.3 ± 14.31, p = 0.39) (fig. [2](#F2){ref-type="fig"}). Among the NPI subdomains, delusions (p = 0.018), agitation (p = 0.034) and aberrant motor activity (p = 0.045) were significantly improved in AD patients (fig. [3](#F3){ref-type="fig"}).

The average NPI-Q score was significantly improved in terms of both the severity of the disease (6.2 ± 4.83 to 4.9 ± 3.78, p = 0.009) (fig. [4](#F4){ref-type="fig"}) and the caregiver distress (6.7 ± 5.74 to 5.3 ± 4.42, p = 0.012) (fig. [5](#F5){ref-type="fig"}) in AD patients, whereas in MCI patients there was no significant efficacy in disease severity (4.2 ± 3.59 to 4.3 ± 4.01, p = 0.674) or distress burden (4.3 ± 4.35 to 4.8 ± 5.22, p = 0.317). The significant beneficial effect of galantamine on the NPI-Q score for disease severity (5.7 ± 3.85 to 4.4 ± 3.44, p = 0.001) and distress burden (6.0 ± 4.77 to 4.6 ± 3.88, p = 0.004) in the moderate group (MMSE score 10-19) contrasted remarkably with the insignificant benefit regarding severity (mean of difference 5.6 ± 5.42 to 5.15 ± 4.26, p = 0.562) and distress burden (6.0 ± 6.34 to 5.8 ± 5.35, p = 0.795) in the mild group (MMSE score ≥20).

Discussion {#sec1_4}
==========

BPSD or non-cognitive symptoms are very common in AD patients \[[@B4],[@B15]\] and can be assessed by standardized instruments such as NPI \[[@B4],[@B13]\]. In patients with AD, cognitive impairment and BPSD are correlated \[[@B15]\]. Moreover, BPSD give rise to noticeable disability in AD patients, an increase in caregiver distress \[[@B16]\], and poorer patient quality of life \[[@B17]\]. Worsening BPSD represent the main cause of earlier patient institutionalization (earlier nursing home entry) \[[@B7]\]. Therefore, early detection of BPSD and efficient treatment with medication is very important in delaying nursing home placement and improving both patients\' and caregivers\' quality of life.

Cholinergic deficiency has been associated with neuropsychiatric symptoms of AD as well as cognitive disturbance \[[@B4],[@B18]\]; hence, it is logical to use AChEIs in the treatment of BPSD. According to an analysis of four trials on galantamine and behavior in AD, 5-6 months of galantamine treatment reduced behavioral symptoms of AD and the associated caregiver burden; the beneficial effects on the NPI were reported for galantamine versus a placebo \[[@B9],[@B19],[@B20],[@B21]\]. Moreover, several clinical trials involving galantamine in patients with mild to moderate AD showed improvement of neuropsychiatric symptoms and the associated caregiver distress \[[@B19],[@B22],[@B23]\]. Post hoc analysis of pooled data from three large trials of 3-, 5-, and 6-month galantamine treatment for problematic behavior in AD patients showed a slightly significant benefit of galantamine over the placebo on total NPI scores, and in the domains of agitation/aggression, anxiety, disinhibition, and aberrant motor behavior \[[@B24]\]. In contrast, in another study, the beneficial effect of galantamine on the NPI scores after 3 months of treatment was not statistically significant, likely owing to the short duration of the trial and the exclusion of patients with behavioral problems at baseline \[[@B9],[@B25]\].

The present study showed that AD patients who switched from donepezil to the equivalent dosage of galantamine maintained the same cognitive function on MMSE 3 months after the switch, and the NPI scores in AD patients, in particular the scores in moderately advanced AD patients (MMSE score 10-19), improved significantly, while those in MCI + mild AD patients (MMSE score ≥20) did not, which is consistent with that of a previous report \[[@B9]\]; among the subdomains, delusions, agitation and aberrant motor activity were significantly improved. Moreover, the significant beneficial effect of galantamine on the NPI-Q score, which is evaluated by a questionnaire through the caregiver, indicates that the caregivers of patients with AD experienced a significant benefit after the switch from donepezil while those of patients with MCI did not. Thus, the 3 months\' duration of galantamine treatment after an uninterrupted switch from donepezil seems to be a long enough period to demonstrate the therapeutic beneficial effect on the NPI and NPI-Q.

Expression levels of nAChRs are reduced in the brains of AD patients, as compared with age-matched controls \[[@B26]\]. nAChRs are located on presynaptic membranes regulating the release of ACh and other neurotransmitters, including glutamate, GABA, 5-HT, and dopamine, via Ca^2+^ influx \[[@B27]\]. Anticholinesterase therapy for AD has in common the ability to inhibit cholinesterases \[[@B28]\]. Inhibition of cholinesterases increases the synaptic concentration of ACh, thereby enhancing and prolonging the action of ACh on nicotinic receptors and on muscarinic receptors, leading to improvement of cognitive function. Galantamine binds to most nAChRs, and induces the release of neurotransmitters such as ACh, dopamine, noradrenaline, 5-HT, and GABA by nicotinic allosteric potentiating ligand action \[[@B29]\]. Thus, galantamine potentiates the action of ACh on nAChRs and does not alter the activity of nAChRs in the absence of ACh; hence, nicotinic allosteric potentiating ligand action may contribute to the therapeutic effectiveness of galantamine in AD \[[@B8]\]. Improvement of the NPI and NPI-Q scores in this study may be due to a nicotinic allosteric potentiating ligand action on AChRs.

Regarding the washout period for the switch from donepezil to galantamine, there have been a variety of reports \[[@B30],[@B31],[@B32]\]. For example, there is no evidence of a loss of symptomatic benefit or changes in cognitive performance with either a 4- or 7-day washout period, and there are fewer gastrointestinal adverse events if the washout period is 4 days rather than 7 days \[[@B30]\]. A switch without a washout period and subsequent dose escalation (8-24 mg/day) over 3 weeks results in an increase in gastrointestinal adverse events, while either fast (weekly increments of 8 mg/day) or slow (monthly increments of 8 mg/day) galantamine dose titration after a 7-day donepezil washout period is well tolerated \[[@B31]\]. In contrast, AD patients switching from donepezil to galantamine without a washout period were reported to tolerate the switch well, with stabilization or improvement in cognitive function, behavior, and activities of daily living in the subsequent 3 months \[[@B32]\], although the number of patients examined was very few (n = 4). The peak levels of AChE inhibition achieved by the combined effect of donepezil and galantamine were above the level of inhibition achieved by donepezil alone for less than 1 h, suggesting that the same dose escalation profile (starting from 4 mg b.i.d.) that is used for first-time galantamine recipients could be used for patients who previously took donepezil \[[@B33]\]. Thus, given the tolerability and pharmacokinetic properties of galantamine, there is a pharmacokinetic rationale for switching from donepezil to galantamine without a washout period \[[@B33]\]. In fact, the uninterrupted switch from donepezil to the equivalent dosage of galantamine without dose titration in this study was well tolerated and not associated with cholinergic side effects, although galantamine is commonly associated with adverse events such as nausea (17.3%), dizziness (12%), and vomiting (10.7%) \[[@B34]\]. The therapeutic strategy of no washout period and no dose titration may also be desirable because it provides treatment continuity for patients and continuous cholinergic stimulation.

These findings suggest that an uninterrupted switch from donepezil to the equivalent dosage of galantamine with no washout period or dose titration could be a useful alternative treatment option in moderate AD patients, whose BPSD are unresponsive to donepezil, or whose caregivers are not satisfied with donepezil treatment. This preliminary study indicates that a larger clinical trial is warranted to determine the efficacy of galantamine for BPSD.
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The clinical and medication profiles of the enrolled patients

                                                  AD      MCI     AD + MCI
  ----------------------------------------------- ------- ------- ----------
  Number of patients                              32      12      44
  Sex (m/f)                                       11/21   8/4     19/25
  Mean age, years                                 84.5    79.8    83.2
  Disease duration, months                        50.7    34.5    46.3
  Mean dosing period of donepezil, days           1,056   829.9   994.3
  Mean dosing period of galantamine, days         94.6    97.4    95.3
  Mean administered dose of donepezil, mg/day     5.7     6.2     5.8
  Mean administered dose of galantamine, mg/day   17.2    17.3    17.2
  Number of patients taking memantine             4       1       5
  Mean MMSE score                                 16.7    27.4    19.9
  Mean NPI score                                  18.1    11.2    16.2
